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A b s t r a c t
The visible cooperative luminescence in Ytterbium-doped optical fibres was observed using a Titanium-Sapphire infrared laser excitation (= 900nm). The evolution of this luminescence as a function of absorbed power is discussed. The optical confinemenf therefore enables us to observe new saturation effects which are studied for two different Ytterbium fibres.
We studied the visible fluorescence of two yb3+-doped fibres pumped by a CW titanium-sapphire laser in the infrared range (from 840 nm to 975 nm). The fibre # 1 (codoped with alumina) has a core of 2.1 pm diameter and is doped with about 600 ppm molar Yb203. The fibre # 2 (ccdoped with phosphorous) has a core of 3 pm diameter and is doped with about 85 ppm molar Yb203. The guided light output emission is focused onto the entrance slit of a double Czemy-turner monochromator equipped with two 1800 l/mm gratings. At the exit slit, we used a cooled 62563 photomultiplier as a detector. Optical fibres doped with rare-earth ions have been mainly developped for use as both optical amplifiers and lasers [1, 2] . These devices are of considerable impoaance since their operating wavelengths coincide with the third window centered around 1.55 pm. The Ytterbium ion was also used as an activator ion in the codoped fibres, for example: with ~r~+ [3] and $+ [4-61. Even if it is well known that the yb3+ ion does not exhibit any transitions in the visible range, we show in this experiment that the fibre emits a blue-green luminescence when excited in the nearinfrared. This is tentatively explained by a cooperative phenomenum. The experimental visible spectrum is in good agreement with a theoretical self-convolution (fig 1) of the single-ion fluorescence spectrum. Figure 2 shows how a resulting visible frequency : v = vdonor + vacceptor is obtained, the cooperative luminescence transfer rate being a function of the product of the fluorescence cross-section: A(v) = Ae(vdonor).Ae(v,,eptor).
These cooperative processes are well known in highly doped materials both in crystals [7] , and in glasses [8] as this luminescence effect was first observed by Nakazawa and Shionoya in 1970 [9] . Figure 3 shows that the cooperative luminescence power reaches a maximum when the Amplified Spontaneous Emission (ASE) power begins to grow. For the fibre # 2, the threshold of the singlepass retrodiffused ASE is around 60 mW in absorbed pump power at an excitation wavelength of Article published online by EDP Sciences and available at http://dx.doi.org/10.1051/jp4:19944131 additional excitation power is directly converted into ASE power and the cooperative luminescence intensity is clamped. The ASE threshold depends on the pumping saturation power of the fibre. This saturation power is h. vp defined as : P, , = -.n.wp2 where vp is the pumping frequency, op is the excitation CP.2 absorption cross-section and 7 is the lifetime of the excited state level 213/2. Wp is the pump waist mode profile very close to the fiber core radius.
At 900 nm, the saturation power of the fibre #2 is approximately 3 mW while the saturation power of the fibre #1 is approximately 1.5 mW. Finally, figure 4 shows the evolution of the cooperative luminescence intensity as a function of the absorbed pump power for the two fibres. The fiber lengths are 3m and 28m for fibre #1 and #2 respectively. The differences of threshold can be attributed to the difference in the waist of the mode profiles and the different excitation wavelengths (900 nm for fibre #2 and 875 nm for fibre #I).
As a conclusion, a cooperative luminescence phenomena has been observed in low doped ytterbium silica fibres. The spectral distribution is in agreement with a self-convolution of the single ion fluorescence spectrum. However, a question is raised by the power dependence of the cooperative luminescence intensity. The fact such effect is observed at very low concentration compare to other observations may be related to pair formations in the silica glass net. A careful1 study of fluorescence dynamics needs to be done to probe the real existence of this cooperative phenomena. 
